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ABSTRACT 

The Service Module React ion Cont ro l  System t h r u s t e r s ,  
when opera ted  i n  a pulsed  mode, can s p i n  up Skylab B f o r  an 
a r t i f i c i a l  g r a v i t y  experiment.  A r e c e n t l y  developed t h r u s t e r  
f i r i n g  procedure t h a t  r e s u l t s  i n  minimum f u e l  consumption 
s p e c i f i e s  t h e  t h r u s t e r s  t o  be f i r e d  and t h e  t o t a l  f i r i n g  
t i m e  f o r  each, b u t  does n o t  s p e c i f y  t h e  f i r i n g  sequence. 
sequence t h a t  minimizes t h e  a b s o l u t e  va lue  of t h e  angu la r  
impulse a p p l i e d  about  axes  o t h e r  than  t h e  c o r r e c t  one causes  
t h e  Skylab t o  wobble somewhat and t h e  angu la r  momentum v e c t o r  
t o  deviate s l i g h t l y  from i t s  desired o r i e n t a t i o n .  
sequence t h a t  i s  symmetric i n  t i m e  about  s p e c i f i c  p o i n t s  
reduces  t h e  wobble by a factor of f i v e  and t h e  angu la r  
momentum d e v i a t i o n  by an order of magnitude over t h e  p r e v i o u s l y  
s t u d i e d  non-symmetric sequence. This  symmetric f i r i n g  sequence 
is  t h e r e f o r e  s u p e r i o r  f o r  t h e  spin-up maneuver. 
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Reference 1 describes a procedure f o r  apply ing  a 
d e s i r e d  angu la r  impulse t o  Skylab us ing  minimum Service Module 
React ion Cont ro l  System(RCS) f u e l .  T h e  procedure s p e c i f i e s  t h e  pro- 
p e r  RCS t h r u s t e r s  t o  be f i r e d  and t h e  t o t a l  f i r i n g  t i m e  of each. 
For an a r t i f i c i a l  g r a v i t y  experiment on Skylab B,  t h e  angu la r  
impulse f o r  spin-up would be a p p l i e d  about  t h e  a x i s  of maximum 
moment of i n e r t i a  u s ing  t h e  RCS t h r u s t e r s  i n  a pu l sed  mode. A 
b a s i c  pe r iod  P, i n  which a l l  t h e  s e l e c t e d  t h r u s t e r s  are t o  be 
f ired,  i s  found by d i v i d i n g  t h e  spin-up t i m e  i n t o  N increments  
of e q u a l  s i z e .  The t o t a l  f i r i n g  t i m e s  of t h e  t h r u s t e r s ,  ob ta ined  
by t h e  procedure of Reference 1, are a l s o  d i v i d e d  i n t o  N e q u a l  
increments  so  t h a t  each t h r u s t e r  f i res  fo r  a f i x e d  p o r t i o n  of each 
basic per iod .  ( N o t e  t h a t  t h i s  d i v i s i o n  0.f t h e  t o t a l  f i r i n g  t i m e s  
for  a l l  t h r u s t e r s  i n t o  t h e  same N increments  i s  n o t  n e c e s s a r i l y  
t h e  only technique  t h a t  w i l l  p rovide  a c c e p t a b l e  dynamic r e s u l t s . )  
The smallest  t h r u s t e r  f i r i n g  t i m e  should  be of t h e  o r d e r  of  one 
second t o  achieve  maximum s p e c i f i c  impulse.  The l a r g e s t  f i r i n g  
t i m e  should n o t  be so l a r g e  a s  t o  i n t r o d u c e  a p p r e c i a b l e  components 
of angu la r  v e l o c i t y  about  axes p e r p e n d i c u l a r  t o  t h e  a x i s  of 
maximum moment of i n e r t i a .  These  r e s t r i c t i o n s  guide  t h e  choice 
of N ( o r  P ) ,  b u t  do n o t  a i d  i n  s e l e c t i n g  t h e  sequence of f i r i n g s  
w i t h i n  t h e  basic p e r i o d  P. 

I n  Reference 2, t h e  dynamics of spin-up are s t u d i e d  
u s i n g  a t h r u s t e r  f i r i n g  sequence t h a t  minimizes t h e  a b s o l u t e  
v a l u e  of t h e  components of angular  impulse about  axes  o the r  t h a n  
t h e  a x i s  of maximum moment of i n e r t i a .  A f t e r  spin-up t o  4 rpm, 
t h e  wobble ang le ,  d e f i n e d  as t h e  ang le  between t h e  angu la r  velo- 
c i t y  vector and t h e  a x i s  of  maximum moment of i n e r t i a ,  has a 
maximum va lue  of about  0 .2  degrees.  A l s o ,  t h e  angu la r  momentum 
v e c t o r  deviates from t h e  d e s i r e d  o r i e n t a t i o n  along t h e  sun l i n e  
by about  1 .8  degrees .  I n v e s t i g a t i o n  of t h e  dynamics du r ing  t h e  
maneuver i n d i c a t e s  t h a t  t h i s  r e p e t i t i v e  f i r i n g  sequence causes  a 
b u i l d u p  i n  wobble ang le  and momentum v e c t o r  d e v i a t i o n  a t  t h e  end 
of each basic pe r iod .  Reversing t h e  sequence causes  t h e  reverse 
e f f e c t s .  Thus, a l t e r n a t i n g  t h e  o r i g i n a l  sequence and t h e  r e v e r s e  
sequence should serve t o  reduce wobble and momentum v e c t o r  motion. 
But a l t e r n a t i n g  these sequences i s ,  i n  effect ,  a new symmetric 
sequence w i t h  a b a s i c  pe r iod  of 2P. A symmetric f i r i n g  sequence 
w i t h  t h e  mid-point of t h r u s t e r  f i r i n g  o c c u r r i n g  a t  t h e  mid-point 
of  the  basic p e r i o d  should g ive  even b e t t e r  r e s u l t s  because devia- 
t i o n s  are given only  h a l f  t h e  t i m e  t o  develop,  y e t  t h e  minimum 
f i r i n g  t i m e  remains t h e  same. 
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This  symmetric f i r i n g  sequence w a s  used i n  a 
s i m u l a t i o n  t o  spin-up Skylab B and t h e  r e s u l t s  compared t o  
those of Reference 2 .  The comparison was done f o r  t h e  case 
where t h e  l o c a t i o n  of t h e  a x i s  of maximum moment of i n e r t i a  
is known p r e c i s e l y .  A f t e r  spin-up us ing  t h i s  cen te red  
symmetric sequence t h e  maximum wobble ang le  i s  about  0 . 0 4  
deg rees ,  about  1/5 t h e  previous r e s u l t .  The angu la r  momentum 
vector d e v i a t e s  less than  0 . 2  degrees f r o m  t h e  d e s i r e d  o r i en -  
t a t i o n  on t h e  sun - l ine ,  a r educ t ion  of approximately one o r d e r  
of magnitude. The symmetric f i r i n g  sequence i s  t h e r e f o r e  
s u p e r i o r  t o  t h e  sequence used i n  Reference 2 ,  and i s  c e r t a i n l y  
a c c e p t a b l e  for  t h e  minimum f u e l  spin-up of Skylab B for  an 
a r t i f i c i a l  g r a v i t y  experiment.  

1022-LEV-mef 
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References 

L. E. Voelker 
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